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A.  INTRODUCTION. 

1.  Texas  Tower  2  Is  on  Georges  Bank  approximately  110  miles  east 

of  Chatham^  I^assachusetts .  Texas  Tower  3  is  on  Nantucket  Shoals  approx¬ 
imately  35  miles  southeast  of  Nantucket  Island.  Both  of  these  towers 
are  in  an  area  which  is  periodically  subject  to  hurricanes  or  tropical 
storms  during  the  summer  months  and  to  extratropical  storms  during  the 
winter  months  October  throu^  April.  Because  of  the  high  wind  and  sea 
conditions  caused  by  these  storms,  the  Air  Force  established  criteria  (l) 
for  evacxiating  both  towers  before  the  onset  of  the  hi^  wind  and  sea 
regimes.  Although  designed  to  withstand  winds  of  108  knots  and  35  foot 
breaking  waves,  the  possibility  of  rare  waves  of  extreme  height  dictated 
the  establishment  of  evacuation  criteria  considerably  lower  than  the 
design  criteria.  On  20  October  I96I,  Headq.uarters,  United  States  Air 
Force  established  eui  evacuation  criterion  of  50  knots  sustained  wind. 

On  7  November  I96I,  Headquarters,  Air  Defense  Command  established  a  35“ 
foot  significant  wave  forecast  as  a  criterion  for  evacuation.  The  53d 
Weather  Reconnaissance  Squadron  provides  the  tropical  cyclone  informa¬ 
tion  through  the  Air  Force  Hurricane  Advisory  Bulletins;  the  U.S.  Navy 
Fleet  Weather  Central  at  Sultland  provides  the  wave  forecasts;  and  4th 
Weather  Wing  forecasters  must  provide  the  wind  forecasts  during  the 
winter  months  as  specified  in  the  4th  Weather  Wing  Operations  Plan  (2) . 

2.  Hie  winter  storms  present  a  very  difficult  forecast  problem. 

The  majority  of  winter  storms  which  produce  sustained  winds  50  knots 
or  greater  are  intense  cyclones  with  storm  tracks  within  3OO  nautical 
miles  of  the  towers.  Many  cyclones  traverse  the  tower  area  during  the 
winter  months,  but  only  about  10^-20^  of  these  storms  produce  high 
sustained  wind  speeds  at  either  tower.  A  larger  percentage  of  storms 


contain  wind  speeds  ^50  knots,  but  these  high  wind  speeds  may  only  be 
reported  in  other  quadreints  of  the  storm  and  not  necessarily  occur  at 
the  specific  tower  sites.  Meteorologically,  the  storm  may  verify  as  a 
50-knot  storm,  but  cannot  be  verified  operationally  as  a  Texas  Tower 
storm  occurrence.  The  forecast  problem  is  three-fold,  requiring  a  high 
degree  of  accxiracy  in  forecasting  the  storm  track,  storm  Intensity  and 
timing  the  rate  of  development. 

3-  This  investigation  employs  the  case  study  approach  (3)  to  all 
winter  storms  which  have  produced  high  wind  speeds  at  either  tower. 

The  purpose  of  this  study  is  to: 

a.  Analyze  and  summarize  the  characteristics  of  winter  stonn 
systems  which  produce  sustained  winds  of  50  knots  or  greater  at  either 
Texas  Tower  2  or  Texas  Tower  3* 

b.  To  establish  sufficient  criteria  which  will  permit  identi¬ 
fication  of  these  storm  systems  with  sufficient  lead  time  for  evacuation 
operations . 

B.  EVACUATION  PROCEDURES. 

1.  Specified  evacuation  procedures  involve  a  complicated  array  of 
resources,  capabilities,  limitations  and  alternative  tactics  (l,  pp  6-13; 
2,  Annex  Bravo).  Since  the  beginning  of  this  investigation  there  have 
been  many  changes  in  the  operational  aspects  of  the  problem  and  even  at 
the  time  of  this  report  consideration  is  being  given  to  new  evacuation 
resources  and  procedures.  Ilierefore  some  of  the  work  and  results 
reported  upon  may  not  be  pertinent  to  the  problem  as  it  stands  at  the 
time  of  reading,  but  are  Included  for  what  value  they  might  have. 

2.  Because  of  the  proximity  of  the  towers,  they  are  usually  affected 
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by  the  same  weather  regimes.  Evacuation  operations  begin  at  both  towers 
on  the  basis  of  a  forecast  of  wind  speeds  ^50  knots  or  significant  wave 
heists  ^35  feet. 

3.  In  recent  efforts  to  improve  the  weather  support  procedures,  it-th 
Weather  Wing  Scientific  Services  personnel  have  assvuned  the  following: 

a.  The  primary  forecast  problem  is  to  identify  those  storms 
which  produce  sustained  winds 50  knots. 

b.  HSS-2  helicopters  will  be  the  primary  mode  for  evacuation 
of  both  towers. 

c.  When  a  favorable  evacuation  period  exists  at  the  towers, 
conditions  are  also  favorable  at  Otis  AFB  or  at  suitable  alternates  (4) . 
C.  OPERATIONAL  WEATHER  AMD  TIME  LIMITS. 

1.  Weather  mininniniB  for  HSS-2  operation  are  as  follows  (1,  pp  10-11; 
2,  p  B-2): 

a.  Ceiling  and  visibility:  JOO  feet  and  one  mile  (may  later 
be  lowered)  both  day  and  ni^t  for  landing  at  the  towers;  200  feet  and 
J  mile  for  take-off  from  the  towers  and  landing  at  Otis  AFB;  GCA  mini- 
mums  at  alternate  recovery  bases. 

b.  Maximum  wind  speed  (gust  value)  for  take-off  and  landing: 

50  knots. 

2.  An  HSS-2  can  reach  Tower  2  in  one  hour,  load  21  passengers  in 
five  minutes  and  transport  them  to  the  mainland  in  one  hour.  It  can 
reach  Tower  3  in  30  minutes,  load  21  passengers  in  five  minutes  and 
transport  them  to  the  mainland  in  30  minutes.  With  at  least  four  HSS-2 's 
in  commission  (assumption  B3b)  the  evacuation  of  Tower  2  takes  three 
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hours  while  that  of  Tower  3  takes  two  hours . 

3.  Hie  Issuance  of  a  forecast  of  wind  speeds  >50  knots  must  be 
early  enough  to  allow  completion  of  evacuation  operations.  The  forecast 
deadline  is  not  simply  a  time  of  day  or  even  a  stage  of  storm  develop¬ 
ment.  The  forecaster  must,  as  he  works  with  each  individual  storm  threat, 
appraise  the  various  meteorological  factors  that  determine  when  favorable 
evacuation  conditions  exist.  Thus  the  precise  statement  of  the  problem 
cannot  specify  a  fixed  time  for  issuing  the  forecast.  The  statement  is 
also  unusual  in  that  it  must  cope  with  the  coupling  of  two  weather  events; 
i.e.,  50-knot  wind  speed  at  either  tower  and  a  prior  suitable  evacuation 
period  for  the  operational  area. 

D.  PRECISE  STATEMENT  OF  THE  FORECAST  PROBLEM. 

With  the  operational  weather  and  time  limits  established,  the  fore¬ 
cast  problem  is:  During  the  winter  period  of  October  through  April,  to 
forecast  prior  to  a  favorable  evacuation  period  during  which  the  ceiling 
and  visibility  at  both  towers  are  continuously  s700  feet  and  i  1  mile, 
and  there  are  no  wind  speeds  (including  gusts)  ?50  knots,  the  occurrence 
or  nonocciirrence  of  sustained  wind  speeds  ^50  knots  at  either  of  the 
Texas  Towers . 

E.  TYPES  AND  PERIODS  OF  DATA  COLLECTED. 

1.  Uth  Weather  Wing  Scientific  Services  personnel  collected  and 
used  the  following  data  in  this  study.  Except  for  the  manuscript  charts 
and  microfilm  records  used  on  a  loan  basis,  these  data  are  on  file  for 
futvire  use. 

a.  Microfilm  WBAN  lOA  records: 
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Texas  Tower  2 


1956-Nov,  Dec 

1957 thru  Apr,  Oct  thru  Dec 
1958“Jan  thru  Apr,  Oct  thru  Dec 
1959"Jan  thru  Apr,  Oct  thru  Dec 
1960-rJan  thru  Apr,  Oct  thru  Dec 


Texas  Tower  3 

1956- ( tower  not  operational) 

1957- Nov,  Dec 

1958-  Jan  thru  Apr,  Oct  thru  Dec 

1959- Jan  thru  Apr,  Oct  thru  Dec 

1960- Jan  thru  Apr,  Oct  thru  Dec 


1961-Jan  thru  Apr  1961-Jan  thru  Apr 

b.  Six -hourly  surface  charts  and  12 -hourly  85O  mb  and  5OO 
charts  covering  Worth  America  (loaned  by  Denver  regional  office  of  U.S 
Weather  Bureau);  microfilm  surface,  85O  mb,  7OO  mb,  500  mb,  3OO  mb, 

250  mb  and  200  mb  charts  (loaned  by  United  Air  Lines'  Office  of  Meteorology) 
for  the  periods  specified  above.  Now  on  file  are  microfilm  NMC  analyses 
of  all  surface  and  constant  pressure  charts  from  October  1956  through 
Jvine  1961. 


c.  Photostatic  copies  of  the  WBAN  lOA  records  of  the  following 
stations,  covering  for  each  Texas  'Tower  storm  the  48-hour  period  centered 
on  the  time  of  the  first  sustained  wind  3=50  knots:  Otis  AFB,  Massachusetts 
Nantucket,  Massachusetts;  Hanscom  AFB,  Massachusetts;  Westover  AFB, 
Massachusetts;  Quonset  Point,  Rhode  Island;  Langley  AFB,  Virginia;  McGuire 
AFB,  New  Jersey;  Andrews  AFB,  D.C.,  Olmstead  AFB,  Pennsylvania;  Griff iss 
AFB,  New  York;  and  Dow  AFB,  Maine. 

F.  UPPER  AIR  CHARACTERISTICS  OF  WINTER  STORMS. 

1.  Winter  storms  \diich  cause  hi^  wind  regimes  at  the  tower  sites 
are  those  which  move  into  the  tower  Eu:ea  from  the  southwest  quadrant  (5)« 
Ihese  storms  develop  rapidly  in  the  eastern  United  States  and  are 


beneath  southwesterly  flow  aloft.  We  found  that  the  behavior  of  these 


storms  is  similar  to  those  previously  studied  by  Shafer  and  Funke  (6), 

(7) >  and  others  (8).  We  postulated  that  certain  upper-air  predictors 
used  in  these  studies,  particularly  those  related  to  cyclone  development, 
could  be  used  to  isolate  the  significant  features  of  the  upper-air 
patterns  vhieh  would  distinguish  those  storms  which  produced  wind  speeds 
^50  knots  at  the  towers,  from  those  storms  associated  with  lighter  winds. 

2.  The  following  upper-air  parameters  were  computed  from  each 
upper-air  chart  during  the  entire  history  of  the  surface  low. 

a.  300  mb  troufdi  sharpness.  Ihis  parameter  is  proportional  to 
the  cyclonic  circulation  across  the  trough  line  at  the  latitude  of  the 
surface  low. 

b.  300  mb  teaperature  factor.  A  peLrameter  which  describes  the 
phase  relationship  of  the  500  mb  wind  field  and  thermal  trough#  nnd  to 
a  certain  extent,  the  strength  of  the  temperature  field  at  500  mb. 

c  o  300  Mb  maxlmiim  temperature  grstdient.  This  parsuneter  is  a 
measure  of  the  broad  steep  gradient  of  temperature  to  the  northwest  of 
the  surface  low,  which  experience  has  shown  is  a  prime  requisite  for 
rapid  development  of  surface  lows. 

d.  300  Mb  trough  distance.  Ihis  parameter  is  a  measure  of  the 
proximity  of  the  upper  trou^  to  the  surface  low. 

e.  300  gib  height  difference.  This  parameter  is  a  measure  of 
the  space -meaui  wind  velocity  over  the  surface  low. 

f .  830  mb  temperature  factor.  A  parameter  which  describes  the 
low-level  phase  relationship  of  the  850  mb  wind  field  and  thermal  trough. 

g.  830  mb  adveetive  factor.  A  parameter  which  describes  the 
low-level  temperatxire  advection  field. 
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3.  For  each  Texas  Tower  storm  occurrence,  we  analyzed  the  param¬ 
eters  at  the  time  the  surface  wind  speeds  first  reached  ^50  knots  at 
either  tower,  and  at  various  time  intervals  prior  to  the  occurrence  of 
wind  speeds  ^50  knots.  We  found  large  variations  between  individual 
storms  and  were  unable  to  isolate  a  set  of  restrictive  values  common  to 
all  storms.  We  also  foiand  that  these  values  did  not  satisfactorily 
screen  the  occurrence  storms  from  nonoccurrence  storms  (i.e.,  the  nega¬ 
tive  check  failed) .  It  should  be  noted  that  we  made  no  attempt  to 
evaluate  the  "Category  IV  Cyclone"  objective  method  (6,  j) ,  which 
provides  a  30-hour  forecast  of  the  position  and  intensity  of  cyclones. 

We  atteii5)ted  to  use  the  peurameters  ss  screening  devices  in  our  case 
study  approach  to  identify  storms  which  produce  ^50-knot  wind  speeds 
at  either  tower.  We  do  not  imply  that  upper-air  parameters  are  vmim- 
portant.  On  the  contrary,  they  are  certainly  useful  in  predicting 
cyclone  development  and  are,  as  a  matter  of  fact,  considered  routinely 
by  the  National  Meteorological  Center  (NMC)  in  the  preparation  of  surface 
prognostic  charts  (9)*  The  forecast  problem  requires  a  critical  prognosis 
of  the  storm  track,  storm  intensity  euid  timing  of  the  rate  of  development. 
Upper-air  chaj-ts  received  at  12-hour  intervals  may  not  provide  sufficient 
detail  when  used  as  a  separate  screening  device .  It  appears  that  the 
best  approach  to  the  problem  is  to: 

a.  Make  maximum  utilization  of  the  NMC  surface  prognostic 
charts  since  these  products  will  have  incorporated  significant  upper- 
air  trends  and  developments  (9,  lO) . 

b .  Make  maximum  utilization  of  the  latest  hourly  surface  data 
in  the  appraisal  and  modification  of  the  predicted  storm  systems  (ll). 
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G.  SURFACE  DATA  CHARACTEaiSTICS  OF  WINTER  STORMS. 

1.  Wind  Characteristics.  We  found  38  storms  vhlch  produced  sus¬ 
tained  wind  speeds  i50  knots  at  either  or  hoth  towers.  Texas  Tower  2 
experienced  30  storms  dixring  the  five  winter  seasons  (1956-6I)  and 
Texas  Tower  3  experienced  2k  storms  during  the  four  winter  seasons 
(1957-61).  Sixteen  of  the  Texas  Tower  3  storms  were  common  with  Texas 
Tower  2  storms.  Table  1  is  the  master  log  of  all  Texas  Tower  storms 
■vdiich  lists  the  dates  and  times  (Z)  of  various  threshold  values  of 
wind  speed,  and  maximum  wind  velocities  attained  during  each  storm. 

From  Table  1,  we  may  ascertain  a  variety  of  pertinent  wind  characteris¬ 
tics.  Some  of  the  pertinent  characteristics  are  summarized  below, 
a.  Wind  characteristics  at  individual  towers. 

(1)  Texas  Tower  2. 

(a)  Hours  between  first  gust  ^50  knots  and  the  first 
sustained  wind  $50  knots  (30  cases): 

Minimum  <  1  hrs  53?^  of  cases  ^  1  hr 

Mean  2.5  hrs  90^  of  cases  ^6  hrs 

Maximum  11  hrs 

(b)  Hours  between  first  sustained  wind  $50  knots  and 
last  sustained  wind  $50  knots  (30  cases): 

Minimum  ■<  1  hrs  33^^  of  cases  S  1  hr 

Mean  7.5  hrs  53?t  of  cases  ^  3  hrs 

Maximum  35  hrs  90?t  of  cases  ^  18  hrs 

(c)  Hours  between  first  gust  $50  knots  and  last  gust 
$50  knots  (37  cases): 
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Miniimmi 


<1  hrs 


8^  of  cases  ^  1  hrs 
Mean  l4.6  hrs  51^^  of  cases  ^  11  hrs 

MEiximura  56  hrs  89^6  of  cases  ^29  hrs 

(2)  Texas  Tover  3- 

(a)  Hours  between  first  gust  ^50  knots  and  the  first 
sustained  wind  >50  knots  (24  cases): 

Minimum  <  1  hrs  38^^  of  cases  $  1  hrs 

Meein  4.0  hrs  88^  of  cases  ^6  hrs 

Maximum  33  hrs 

(b)  Hours  between  first  sustained  wind  i50  knots  and 
last  sustained  wind  &50  knots  (24  cases): 

Minimum  <  1  hrs  50^6  of  cases  ^  1  hrs 

Mean  6.6  hrs  92^  of  cases  ^18  hrs 

Maximum  26  hrs 

(c)  Hours  between  first  gust  ^50  knots  and  last  gust 
^50  knots  (28  cases): 

Minimum  <  1  hrs  10^  of  cases  ^  1  hrs 

Mean  12.1  hrs  50^  of  cases  ^  6  hrs 

Maximum  37  hrs  93^  of  cases  ^29  hrs 

(3)  The  above  summaries  show  large  ranges  in  the  elapsed 
times  for  each  category,  therefore  the  mean  values  are  nonrepresentative. 
The  frequency  distributions  however  show  certain  similarities.  In 
particular,  the  90^t  frequency  level  for  the  group  of  Texas  Tower  2 
cases  is  almost  identical  to  the  90^^  level  for  the  grovq>  of  Texas  Tower 

3  cases  (i.e.,^6  hours  from  first  gust  to  first  sustained;  sustained 
duration  i  18  hours;  gust  duration ^ 29  hours).  Note  that  these  are  indi¬ 


vidual  characteristics  for  each  tower  derived  separately  from  each  gro\q> 
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TABUS  1.  Log  of  winter  storms  which  caused  winds  550  knots  at  the  Texas  Towers;  times  of  gust 
sustained  winds  550  knots;  and  maximum  wlais  reported.  (NR:  Not  reported;  NO;  Not  operatio 
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of  Texas  Tower  2  and  Texas  Tower  3  cases.  Each  group  does  not  contain 
the  same  cases  (see  Table  2).  For  exanple,  in  the  sustained  wind  dura¬ 
tion  category  above,  the  group  of  30  cases  for  Texas  Tower  2  is  different 

than  the  group  of  24  cases  for  Texas  Tower  3*  T5ie  ^Off)  level  will  probably 

vary  when  con^juted  for  a  group  of  cases  common  to  both  towers.  To  illus¬ 
trate  this  point,  we  did  compute  the  90^  level  for  the  sustained  wind 
duration  category  for  the  special  groi^  of  cases  common  to  both  towers 
(i.e.,  l6  storms  \diich  caused  sustained  winds  ^50  knots  at  both  towers) 
and  found  that  the  90^  level  was  indeed  different,  especially  for  Texas 
Tower  2. 

Texas  Tower  2:  of  cases  27  hours 

Texas  Tower  3s  90^  of  cases  SI9  hours 

b.  Lag  between  beginning  times  of  wind  occurrences  at  Texas 
Tower  2  and  Texas  Tower  3-  Table  2,  constructed  from  Table  1,  shows 
occurrences  of  sustained  winds  and  gusts  5s 50  knots,  which  tower  had  the 
earliest  occurrences,  and  the  elapsed  time  between  the  Texas  Tower  2  and 
Texas  Tower  3  occurrences. 

(1)  For  those  storms  (16  cases)  which  produced  sustained 
winds  i50  knots  at  both  towers,  Texas  Tower  3  experienced  the  sustained 
winds  at  the  same  time  or  earlier  in  QVfo  (13/16)  of  the  cases.  Of  these, 
the  average  was  3*0  hours  earlier.  Texas  Tower  3  always  experienced  the 
first  gust  ^50  knots  as  early  or  earlier  than  Texas  Tower  2.  The  first 
gust  occurred  an  avereige  of  2.6  hours  earlier  at  Texas  Tower  3«  It  is 
interesting  to  note  that  even  in  the  three  cases  where  Texas  Tower  2 
experienced  the  sustained  winds  first,  Texas  Tower  3  still  experienced 
the  first  gust. 
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Table  2 


Time  Differences  Between  Tower's  First  Sustained  Winds 
and  Gusts  Knots  t 


Reported 
Sustained  Wind 


Occurrence 


X 


X  I  X 

X  I  X 

X  X 

X 

X  X 


Reported  Time  Differences  in  Hours  between 

Gxist  Towers 

Occurrence  (Positive  Sign  Means  TT  3  Earlier) 


i _ 

Table 

2  Contlnuec 

Case 

TT  2 

r 

TT  3 

TT  2 

TT  3 

First  Sustained 

First  Oust 

22 

X 

X 

X 

-1 

23 
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X 

X 

X 

♦7 

+8 

2h 

X 

*  I 

X 

X 

♦3 

25 

X 

NO 

X 

NO 

NO 

NO 

26 

X 

NO 

V 
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NO 

NO 

NO 

27 

X 

NO 

X 

NO 

NO 

NO 

28 
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NO 

X 

NO 

NO 

NO 

29 
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NO 

X 

NO 

NO 

NO 

30 

X 

X 

X 

'  -3_  _ 

31 

X 

X 

X 

+5 

32 

X 

X 

33 

X 

X 

* 

*2 

3U 

X 

X 

X 

-1 

35 

X 

X 

♦8 

36 

X 

X 

37 

X 

X 

38 

X 

X 

X 

-U 

TOTAL  CASES 

30 

2U 

37 

28 

16 

28 

(2)  For  those  storms  (38  cases)  \Aiich  produced  sustained 
winds  ^50  knots  at  either  or  both  towers,  28  of  these  offer  a  coii5)arison 
for  earliest  gust  occurrences.  Of  these,  Texas  Tower  3  experienced  the 
first  gust  ^50  knots  at  the  same  time  or  earlier  than  Texas  Tower  2  in 
79^  (22/28)  of  the  cases.  The  average  was  2.9  hours  earlier. 

c .  Nature  of  the  wind  data.  We  consider  the  wind  data  in  this 
study  as  a  limited  san?)le  of  the  total  population  of  the  wind  speeds  for 
the  five  years  of  record.  First,  the  Manual  of  Surface  Observations  (12) 
specifically  instructs  observers  not  to  take  average  wind  speed  observa¬ 
tions  during  periods  of  extreme  wind  speeds  (either  high  or  low). 

Secondly,  the  observers  record  only  one  wind  speed  value  each  hour.  We 
were  therefore  unable  to  determine  the  number  of  systems  that  produced 
sustained  winds  of  at  least  50  knots  between  regular  hourly  observations 
during  the  I956-I96I  winter  seasons. 

2.  Storm  Characteristics  at  the  Time  Sustained  Wind  Speeds  First 
Reach  ^  50  knots . 

a.  Except  for  a  special  type  of  storm  which  will  be  discussed 
later  (e.g.,  cases  11,  l4,  16,  20,  25),  all  storms  were  centered  within 
a  pear-shaped  area  off  New  England  and  Nova  Scotia  as  shown  in  Figure  1. 
Furthermore,  971^  (32/33)  of  these  storms  enter  this  storm  occurrence 
area  through  a  very  limited  part  of  its  boundary,  shown  as  a  double  stroke 
line  A-B  in  Figure  1.  One  storm  (case  12),  entered  the  occttrrence  area 
through  B-C. 

b.  Approximately  55^  ( 18/33)  of  the  storms  produced  the  first 
sustained  wind  >50  knots  as  they  approached  the  towers  from  the  southwest 
and  4556  (15/33)  of  the  stonns  produced  the  first  sustained  wind  >50  knots 
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as  they  moved  beyond  the  towers. 

c.  Figure  1  shows  the  Intensity  count*  of  the  storm  systems  at 
the  time  of  the  first  sustained  wind  ^50  knots.  ?h.ese  values  ranged 
from  13  mh  to  45  mb  with  an  average  of  26  mb  for  all  storms.  There  is 
no  significant  difference  between  those  storms  that  produced  sustained 
winds  550  knots  as  they  approached  or  moved  beyond  the  towers. 

3 .  Storm  Intensity. 

a.  We  con?)uted  the  intensity  count  of  each  storm  at  six -hourly 
intervals  from  the  time  the  surface  low  first  originated  until  the  storm 
moved  out  of  the  tower  area.  Investigations  were  made  to  isolate  the 
Intensity  count  characteristics  at  the  time  of  the  first  sustained  wind 
>50  knots,  and  at  various  times  prior  to  the  occ\irrence  of  winds  S50 
knots.  We  were  vtnable  to  isolate  any  restrictive  values  of  intensity 
count  at  these  times  ^ich  wotOd  satisfactorily  screen  the  occtirrence 
storms  from  nonoccurrence  storms. 

b.  Except  for  the  five  FROPA  (frontal  passage)  storms  mentioned 
earlier,  we  found  a  significant  storm  characteristic  which  was  both  a 
necessary  and  sufficient  criterion.  We  found  that  all  storms  (33  cases) 
which  produced  sustained  winds  >50  knots  reached  an  intensity  count  of 
at  least  19  mb  at  some  time  diirlng  their  track  through  the  circular  area 
shown  in  Flguire  2.  Apparently  storms  idiich  produce  wind  speeds  >50  knots 
must  attain  this  minimum  degree  of^  intensity  in  the  imnediate  vicinity  of 

*Ihe  intensity  count  is  an  objective  measure  of  the  strength  of  the 
cyclonic  circulation  or  pressure  gradient  around  the  low.  Ohis  objective 
measurement  has  been  successfully  e]i^>loyed  by  J.J.  George  (6)  and  others 
in  cyclogenesis  studies.  It  is  defined  as  the  average  of  the  inftTrinnnn 
Increases  in  sea  level  pressure  from  the  storm  center  to  8.7  degrees  of 
latitude  out  in  each  of  the  four  cardinal  directions. 
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the  towers,  regardless  of  the  storm's  intensity  before  it  enters  the 
tower  area  (Figure  l).  Among  all  of  the  parameters  investigated,  this 
criterion  proved  to  he  the  most  significant  in  screening  the  33  occurrence 
storms  from  the  nonoccurrence  storms  which  also  traverse  the  tower  area. 
Hie  1957-58  winter  season  is  a  good  il].uEtration  of  the  screening  ability. 
Forty  storm  systems  moved  throu^  the  circular  area  (within  210  nautlcel 
miles  of  the  towers).  Twelve  of  these  storms  produced  sustained  winds 
^  50  knots  at  either  tower,  well  over  the  climatological  normal  of  el^t 
storms  per  winter.  During  this  abnormal  season,  an  12  Texas  Tower 
storm  occurrences  met  the  19  mb  criterion  \Aiile  only  3  of  the  28  nonoccur¬ 
rence  storms  did.  The  negative  check  of  all  nonoccurrence  storms  in  the 
entire  five-year  sample  also  yielded  high  verification  scores.  Section  H 
contains  the  results  of  this  particular  test. 

c.  Wind  speeds  ?50  knots  may  occiur  before  the  storm  center 
enters  the  circular  area,  lAiile  it  is  in  the  area,  or  after  it  leaves 
the  area.  A  comparison  of  Figure  1  with  Figure  2  shows  this  distribu¬ 
tion.  The  50-knot  winds  occurred  south  of  the  circular  area  24^  (8/33) 
of  the  time;  within  the  circxalar  area  58^^  (19/33)  of  the  time;  and  north 
of  the  circular  area  l8%  (6/33)  of  the  time.  Hie  nuniber  of  cases  in 
these  eireas  are  too  few  to  permit  definite  conclusions  or  explanation, 
but  it  is  interesting  to  note  the  following: 

(1)  Lows  south  of  the  circular  area  -  (8  cases).  Seven  of 
these  storms  had  intensity  counts  >l6  mb  vpon  entering  the  circular 
area  and  eventually  reached  Intensity  counts  ^27  mb  as  they  moved 
through  the  circular  area.  Four  of  these  storms  (case  I3,  21,  23,  24) 
eventually  reached  intensity  counts  ^37  mb  in  the  circular  aurea.  From 
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the  time  these  storms  entered  the  occurrence  area  to  the  time  they 
entered  the  circular  area^  they  experienced  em  average  increase  of 
Intensity  count  of  8  mb.  It  appears  that  the  rate  and  amount  of  devel¬ 
opment  is  Importeuit.  Lows  undergoing  rapid  cyclogenesis  as  they  approach 
the  circular  area  are  likely  to  produce  >50  knots  at  the  towers  before 
they  enter  that  axea. 

(2)  Lows  north  of  the  circular  sxea  -  (6  cases).  All  of 
these  storms  maintained  an  intensity  count  >19  mb  as  they  moved  north  of 
the  circular  area.  About  one-half  of  these  storms  regenerate  north  or 
east  of  the  towers,  reaching  intensity  co\mts  as  hi^  as  36  mb.  In  each 
of  the  remaining  half  of  the  cases,  a  strong  hi^  pressxire  system  to  the 
west  created  a  ti^t  gradient  over  the  tower  area,  and  was  at  least  as 
much  a  causati'ire  factor  as  the  low  pressvire  system. 

d.  One  of  the  primary  reasons  for  the  difficulty  in  establishing 
a  more  specific  timing  relationship  lies  in  the  fact  that  the  intensity 
count  is  a  measure  of  the  average  pressure  gradient  over  a  large  area 
around  the  storm  center,  and  does  not  describe  the  nonlinear  character  of 
the  pressure  field.  The  50“knot  winds  may  occur  in  any  quadrant  and  in 
restricted  belts  of  the  pressure  system.  In  an  effort  to  solve  this  prob¬ 
lem,  we  explored  parameters  such  as  intensity  counts  for  various  radii, 
partial  intensity  counts  in  selected  quax^ants,  pressure  gradient  from  the 
low  center  toward  the  towers,  euad  pressure  gradient  at  the  towers.  We 
found  no  significant  relationships.  Althoxi^  lacking  a  specific  timing 
relationship,  the  intensity  count  criterion  within  the  circular  area  still 
stands  as  a  significant  screening  parameter  for  the  primary  problem,  which 
is  to  identify  those  storms  which  produce  sustained  winds  >50  knots. 
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4.  storm  Origin,  Types  and  Tracks. 

a.  Origin  and  types.  Figure  3  shows  the  position  of  each  storm 
at  the  tla»e  the  low  first  appeared  on  the  stirface  chart.  Seventeen 
storms  originated  east  of  85°W  longitude  \dille  21  storms  originated  west 
of  90°W  longitude.  The  storms  may  he  classified  In  five  categories: 

(1)  Category  I  -  (17  cases):  nils  category  Includes  all 
storms  In  which  there  was  only  one  primary  low  pressure  system,  with  a 
track  from  the  United  States  Interior.  This  category  Includes  the  follow¬ 
ing  cases:  1,  2,  3,  6,  7>  9,  10,  12,  13,  15>  l8,  22,  23,  26,  28,  29,  30. 

(2)  Category  II  -  (4  cases):  This  category  Includes  those 
storms  which  originated  and  developed  off  the  east  coast  as  a  primary 
low,  similar  to  the  lype  A  low  development  described  by  Miller  (13). 

This  category  Includes  the  following  cases;  32,  33 >  37 >  38. 

(3)  Category  III  -  (j  cases):  This  category  Includes  the 
secondary  developments  near  and  off  the  northeast  coast  of  the  United 
States,  north  of  36‘’N  latitude.  These  secondary  developments  are 
normally  associated  with  a  primary  low  pressure  system  In  the  vicinity 
of  Lake  Erie  or  the  St  Lawrence  Valley.  IHie  secondary  low  usually 
develops  as  the  primary  low  either  fills  or  moves  slowly  northeastward 
thro\i^  the  St  Lawrence  Valley.  Miller  (13)  conducted  a  comprehensive 
investigation  of  this  particvilar  type  of  secondary  development.  These 
lows  develop  rapidly  in  an  area  of  spetrse  oceanic  data  euid  pose  the 
greatest  forecast  problems.  Hiis  category  includes  the  following  cases: 

5,  17,  27,  31,  34,  35,  36. 

(4)  Category  IV  -  (5  cases):  This  category  is  similar  to 
Category  III  except  that  this  type  of  secondary  development  occurs 
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south  of  36°  north  latitude  near  emd  off  the  southeastern  coast  of  the 
United  States.  Ihese  secondary  developments  are  \isually  associated  with 
a  primary  low  which  moves  northeastward  on  the  western  side  of  the 
Appalachian  Mountains,  filling  or  moving  slowly  as  the  secondary  low 
develops.  These  secondaries  may  reach  a  stage  as  intense  as  the  Category 
III  type  when  they  finally  reach  the  tower  area  but  they  normally  allow 
more  time  for  predicting  their  development.  Ibis  category  includes  the 
following  cases:  4,  8,  19,  21,  2k. 

(5)  Category  V  -  (5  cases):  This  category  includes  those 
primary  lows  which  normally  approach  the  tower  area  from  the  west  along 
or  to  the  north  of  the  45th  parallel  (cases  l4,  16,  20,  25).  The  actual 
tracks  for  these  storms  are  shown  in  Figure  3*  These  lows  are  at  least 
500  nautical  miles  north  of  the  towers  at  the  time  of  the  first  winds 

knots.  A  cold  front  normally  extends  southward  from  these  lows  and 
produces  winds  >50  knots  with  short  dxirations.  An  exceptional  case 
(case  11)  is  included  in  this  category,  even  thoxagh  the  primary  low 
traversed  the  storm  occurrence  area,  because  the  hi^  wind  regime  did 
not  begin  tmtil  this  storm  was  more  than  1000  nautical  miles  north  of 
Texas  Tower  3,  and  there  is  evidence  that  the  50-knot  winds  at  Texas 
Tower  3  were  caused  by  a  frontal  passage.  Category  V  therefore  contains 
the  five  cases  of  strong  winds  caused  by  cold  frontal  passages. 

b.  Storm  tracks.  Except  for  four  of  the  FROPA  cases  (cases  l4, 
16,  20,  25),  all  storms  track  within  a  certain  geographical  zone  before 
they  enter  the  storm  occurrence  area.  Figure  3  shows  the  northern  cuid 
southern  boundaries  of  this  zone  or  "chute." 


22 


I.NDiCATING  INITIAL  POSITIONS 


5-  Beginning  T^mf»s  of  HSS~2  Kvactiatlon  Periods. 

a.  Table  3  Is  a  summary  of  the  number  of  hours  between  the 
beginning  of  the  last  available  HSS-2  evacuation  period  and  the  first 
reported  gust  ^50  knots.  The  diagram  below  iUxistrates  the  time  rela¬ 
tionships  : 


Beginning  End  of 

of  period  period 


Last  available  HSS-2 
evacmtlon  period 
_ (TT2;3  hr,  TT3:2  hr) 

A  B 


First  reported  First  reported 

gust  3:^0  knots  svistalned  wind 

I  -^50  knots 


C 


>  Time 


AB  represents  the  last  period  (three  ho\irs  for  Texas  Tower  2  or  two  hours 
for  Texas  Tower  3)  prior  to  the  first  gust te 50  knots  at  the  tower  dtirlng 
•vriiich  the  ceiling,  visibility,  and  wind  speeds  were  favorable  for  HSS-2 
evacuation.  The  summaries  for  Individual  towers  In  Table  3  refer  to  the 
period  represented  by  AG.  With  the  hour  preceding  time  C  not  considered 
as  part  of  the  evacuation  period,  the  minimum  periods  (AC)  logged  are 
four  hours  for  Texas  Tower  2  and  three  hours  for  Texas  Tower  3.  This  is 
to  assure,  insofar  as  the  hourly  reports  permit,  the  determination  of  a 
sufficient  evacuate  •>n  period. 

b.  As  described  earlier  (Section  b),  evacuation  begins  at  both 
towers  on  the  basis  of  a  forecast  of  sustained  winds » 50  knots  at 
either  tower.  Since  there  is  no  distinction  between  towers J  the  third 
svunmary  in  Table  3  shows  the  number  of  hours  between  the  earliest  time  A 
at  either  tower  and  the  earliest  time  C  at  either  tower.  This  provides 
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TABLE  3  ■ 

Times  from  Beginnings  of  Last  Available  HSS-2  Evactiation  Periods  and  First  Ousts  Knots 


a  practical  estimate  of  the  necessary  forecast  lead  time.  The  diagram 
below,  \rtiere  A,  B,  and  C  refer  to  the  times  labeled  in  the  above 
diagram  (with  subscripts  denoting  the  towers).  Illustrates  the  determ¬ 
ination  of  this  period: 


Hours  between  the  beginning  of  the 


- earliest  evac\ 

'  first  reportec 

latlon  I 
L  gust  3 

>erlod  and  tt 
:^0  knots 

le 

^ime 


In  the  example,  time  A2  is  the  beginning  of  the  earliest  of  the  two  last 
available  evacvtatlon  periods.  Henceforth  we  will  simply  call  this  time 
the  beginning  of  the  last  available  HSS-2  evacuation  period. 

c.  The  effect  of  applying  three  different  classes  of  celling 
and  visibility  limits  appears  in  Table  3*  This  study  uses  700  feet  and 
one  mile,  the  normal  limits  for  HSS-2  operations  (l),  as  those  detennin- 
ing  suitable  evacuation  periods.  The  table  gives  interesting  information 
about  each  tower's  experience,  but  the  third  summary  combining  both 
towers'  experience  is  that  >diich  Is  significant  to  the  forecast  problem. 
Of  the  33  cases  in  this  summeury,  I7  (52?t)  would  have  required  the  same 
lead  time  for  eill  three  sets  of  weather  limits  and  I9  (58^^)  would  have 
required  no  lead  time  beyond  the  three  hours  (covered  by  four  hoiirs  In 
this  table)  required  for  evacuation.  For  700'/l  ml  we  see  that  I9  (58%) 
of  the  cases  would  have  required  no  extra  lead  time  and  that  the  longest 
period  is  11  hours.  Thus  from  this  sanple  we  have  the  climatological 
guarantee  that  If  we  could  forecast  the  time  of  the  first  gust  ^50  knots 
accurately,  then  a  successful  evacuation  will  follow  if  begun  11  hours 
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before  the  first  gust,  nils  study  has  shown  the  futility  of  attempting 
to  forecast  the  time  of  first  gust.  Rather  than  apply  a  climatological 
extreme  to  this  aspect  and  then  back  up  11  hours,  we  chose  another  sort 
of  climatological  boundary  concerned  with  the  geographical  positions  of 
the  storms. 

6.  Storm  Locations  at  Beginning  of  HSS-2  Evacuation  Periods. 

a.  Figure  4  shows  the  position  of  each  low  center  at  the 
beginning  of  the  last  available  HSS-2  evacuation  period.  Line  C  is  the 
western  boundary  of  the  various  positions.  In  a  similar  fashion.  Lines 
B  and  A  resulted  from  plots  of  the  low  center  positions  at  ^  and  13 
hours  before  the  beginning  of  the  last  available  evacuation  period. 

b.  Lines  A,  B,  and  C  are  climatological  boundaries  that  a 
forecaster  may  use  to  evaluate  each  storm  threat.  He  has  a  climatolog¬ 
ical  guarantee  that: 

(1)  When  a  storm  center  crosses  Line  A,  at  least  13  hours 
remain  before  the  beginning  of  the  last  available  HSS-2  evactiatlon 
period . 

(2)  When  a  3torm  center  crosses  Line  B,  at  least  ^  hours 
remain  before  the  beginning  of  the  last  available  HSS-2  evacuation 
period. 

(3)  An  HSS-2  evacuation  period  remains  at  least  until  a 
storm  center  crosses  Line  C. 

H.  FORECAST  PROCEDURE. 

1.  Hie  features  of  Figure  5  consolidate  the  factors  peirtaining  to 
the  forecast  procedure: 
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THE  3.5  CIRCLE  ABOUT  THE 


a.  Where  a  storm  center  may  be  ^en  sustained  winds  >50  knots 
occur  at  the  towers  ( storm  occurrence  area) . 

b.  Hie  criteria  for  forecasting  sustained  winds  >50  knots  at 
the  towers  (circular  area  and  "chute"  boundaries). 

c.  Ihe  availability  of  a  favorable  HSS-2  eAra.cuation  period 
(Lines  A,  B  and  C). 

2.  The  procedure  for  predicting  the  occurrence  of  sustained  winds 
>50  knots  at  either  of  the  towers  is  quite  slnqple.  With  the  use  of 
National  Meteorological  Center  analyses  and  prognostic  charts  as  well 
as  hourly  data,  the  forecast  procedure  is  as  follows; 

a.  Consider  that  a  storm  threat  exists  when  a  low  center  exists 
or  you  expect  one  will  exist  in  the  "chute." 

b.  Forecast  sustained  winds  >50  knots  at  the  towers  when  you 
e^^ect  a  low  center  will  enter  the  storm  occurrence  area  via  the  "chute" 
and  reach  an  Intensity  count  >19  mb  \diile  in  the  circular  area. 

3*  As  mentioned  in  paragraph  C3,  it  is  not  simple  to  specify  a 
forecast  deadline.  The  lines  A,  B  and  C  provide  guidance  to  the  fore¬ 
caster  as  he  appraises  the  various  meteorological  factors  affecting  the 
availability  of  a  favorable  evacuation  period.  If  faced  with  a  different 
set  of  operational  factors  thiui  assumed  in  this  study,  he  may  have  to  use 
different  weather  and  time  limits  in  his  appraisal,  but  he  will  probably 
still  find  it  useful  to  know  that; 

a.  As  a  low  center  crosses  Line  A,  at  least  13  hours  remain 
before  the  beginning  of  the  last  available  HSS-2  evacxiation  period. 

b.  As  a  center  crosses  Line  B,  at  least  five  hours  remain 
before  the  beginning  of  that  last  period. 
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c.  Tliere  will  still  remain  an  HSS-2  evacuation  period  >dien  a 
storm  center  crosses  Line  C. 

I.  EVAHJATION  OF  TBE  FOBECASfS  PROCEDURE. 

1.  Dependent  data  sample,  1956-1961. 

a.  We  applied  the  procedure  to  every  siurface  low  which  had  a 
potential  of  sLffectlng  the  towers  during  the  five  winter  seasons, 
using  the  observed  six-hourly  synoptic  weather  maps  as  the  "prognostic" 
charts.  We  evaluated  the  procedure  to  determine  the  extent  to  which 
the  screening  parameters  (paragraph  H2)  discriminated  between  occurrence 
storms  {^50  knots)  and . npnoccurrence  storms.  During  this  period  we 
found  225  surface  lows  were  possible  threats.  Of  these,  33  produced 
sustained  wind  speeds  ^50  knots  euid  five  lows  were  associated  with  cold 
fronts  which  also  produced  sustained  winds  >50  knots.  The  following 
contingency  table  shows  the  results  from  the  dependent  data  sample.  A 
"yes"  forecast  is  a  forecast  of  sustained  winds >50  knots  at  either 
tower. 


Yes 

Observeti  No 

Total 


H’orecast 


Yes 

No 

Total 

3^ 

h 

38 

23 

164 

187 

57 

168 

225 
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Overall  io  correct  OOfft 

Skill  score  0.65 

ia  of  occurrences  correctly  forecast  (prefigurance)  90^^ 

^  of  nonoccurrences  correctly  forecast  88% 

%  of  "YES"  forecasts  correctly  wirified  (post  agreement)  60% 
%  of  "NO"  forecasts  correctly  verified 


(198/225) 

(  3V38  ) 
(164/187) 

(  34/57  ) 

(164/168) 


b.  The  four  forecast  errors  (forecast  NO-verified  YES)  were 
four  of  the  five  observed  FROPA  cases.  One  FROPA  case  (case  11 
described  in  paragraph  g4)  would  have  been  correctly  forecast  since 
the  low  associated  with  the  cold  front  satisfied  the  "yes"  criterion 
prior  to  the  frontal  passeige.  The  scores  above  demonstrate  the  capabil¬ 
ity  of  the  forecast  procedure  in  screening  occurrence  storms  from 
nonoccurrence  storms,  provided  of  course  that  perfect  prognostic  charts 
are  available.  Bearing  in  mind  that  the  NMC  surface  prognostic  maps 
are  the  predictive  vehicle,  this  procedure  will  reflect  any  errors 
inherent  in  these  prognostic  charts.  The  true  forecast  scores  may  be 
lower.  However,  we  have  demonstrated  that  surface  data  criterion 
effectively  screens  occurrences  from  nonoccurrences. 

2,  Xndependent  data  saimple,  (October  196l-i^ril  I962). 

a.  During  this  season,  4th  Weather  Wing  forecasters  used 
several  subjective  procedures  due  to  changes  in  evacuation  criteria  and 
modes  of  evacuation.  We  did  uot  complete  the  present  investigation 
until  after  the  I96I-62  season.  However  we  used  the  I96I-62  winter 
season  as  an  independent  sample  for  testing  the  forecast  procedure.  To 
insure  a  rigid  test  of  the  procedure  we  based  the  forecast  deadline  on 
the  time  that  storm  systems  crossed  Line  B  (Figure  4)  or  a  storm  system 
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derelpped  east  of  this  line.  Ve  established  this  early  forecast  dead¬ 
line  to  Insure  a  rigid  trial  of  the  forecast  method.  Ihe  following 
suaary  shows  the  results  from  the  Independent  data  sample. 


Kumber  of  observed  storm  occurrences  knots  11 

ffunber  of  "YES”  forecasts  Issued  12 

it  of  storm  occurrences  correctly  forecast  (preflgurance)  64^  (7/II) 

it  of  "YES"  forecasts  correctly  verified  (post  agreement)  58?^  (7/l2) 


b.  Of  the  four  forecast  errors  In  the  class,  forecast  NO- 
verlfled  YES,  two  were  caused  by  frontal  passages,  and  two  were  caused 
by  the  Incorrect  HMC  prognosis  of  Cape  Hatteras  secondary  developments 
( see  paragraph  g4) . 

c.  Of  the  five  forecast  errors  In  the  class,  forecast  YES- 

verlfled  NO,  three  were  near  misses  In  idxlch  the  sustained  winds  verified 
between  knots.  In  the  remaining  cases,  one  storm  produced  43  knots 

and  the  other  36  knots. 

J.  DISCUSSION. 

1.  Two  of  the  scores  In  Section  I  are  the  preflgurance  and  post 
agreement  scores  (l4). 

a.  Ihe  preflgurance  score  (percentage  of  occurrences  correctly 
forecast)  Is  a  measure  of  the  forecaster's  capability  In  providing  an 
accurate  advance  notice  or  alert  of  a  storm  occurrence.  Safety  of  tower 
personnel  is  the  prime  consideration  (l),  therefore  the  custcner  desires 
high  "preflgurance"  or  "capability”  percentages.  When  this  score  Is 
high/  the  customer  will  have  a  high  degree  of  assurance  that  a  storm 
which  may  cause  personnel  or  materiel  losses  will  be  correctly  predicted 
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In  advance 


b.  The  post  agreement  (percentage  of  YES  forecasts  correctly 
verified)  score  is  a  measxire  of  the  reH>^nce  to  be  placed  on  a  forecast 
of  the  storm  occurrence.  From  operational  considerations,  the  customer 
desires  hlg^  "post  agreement"  or  "reliability"  percentages  in  order  to 
keep  unnecessary  precautionary  measures  to  a  minimum.  A  low  score 
means  that  the  customer  performed  a  large  number  of  unnecessary  evacua¬ 
tions  \rtilch  reduced  his  operational  capability. 

c.  When  forecasting  rare  events  such  as  Texas  Tover  storm 
occurrences,  hi^  scores  of  both  types  are  retrely  achieved.  One  of  the 
scores  is  us\ially  hl^  at  the  expense  of  the  other  (15)*  The  customer 
must  decide  \rtiether  the  safety  aspect  is  more  iiiQ>ortant  or  less  import¬ 
ant  than  the  operational  aspect.  This  decision  is  based  upon  the  ratio 
of  the  cost  of  taking  precautionary  measxires  to  the  penalty  caused  by 
operating  under  the  hazardous  condition.  Concerning  the  Texas  Tower 
problem,  the  customer  has  specified  that  this  ratio  is  very  low.  Safety 
is  the  primary  and  most  Important  consideration  (l)  and  no  more  than 
seven  people  should  be  aboard  the  towers  during  sustained  winds  of  ^ 50 
knots.  Therefore,  concerning  Texas  Tower  wind  forecasts,  the  customer 
desires  preflgurance  or  capability  scores  as  high  as  possible.  This 
qualification,  heretofore  unspecified,  is  therefore  a  very  important 
fact  to  consider  when  evaluating  the  results  of  the  forecast  procedure. 

2.  The  preflgurance  or  capability  score  for  the  dependent  sample 
containing  five  winter  seasons  was  90^  (34/38)  at  the  expense  of  a  6<yf> 
(34/57)  post  agreement  or  reliability  score.  Excluding  the  four  cases 

V 

of  frontal  winds,  the  preflgurance  score  would  Increase  to  100^  (34/34). 
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!nils  of  course  depends  t^on  a  perfect  prognostic  map  system.  During  the 


1961-62  Independent  data  season,  the  preflgurance  score  was  64^6  (7/11), 
because  of  inacctiracles  in  the  prognostic  charts ,  at  the  expense  of  a 
58^  (7/12)  post  agreement  score.  Excluding  the  two  cases  of  frontal 
winds,  the  preflgurance  score  would  Increase  to  "J&ft  (7/12). 

a.  The  post  agreement  scores  in  both  sets  of  data  appear 
conparable  and  stable.  It  is  reasonable  to  assume  that  60^  represents 

a  good  estimate  of  future  reliability,  i.e.,  a  tendency  to  over-forecast 
exists  and  about  hOffa  of  storm  occurrence  forecasts  will  not  verify. 

b.  The  preflgurance  score  of  64^  is  considerably  lower  in  the 
1961-62  test,  but  we  do  not  believe  that  it  is  a  good  estimate  of  future 
capability.  We  hope  that  this  study  will  provide  the  forecaster  with: 

(1)  Increased  capability  to  forecast  winds  ^50  knots  at  the 

towers. 

(2)  A  better  understanding  of  the  forecast  problem. 

(3)  Stimulation  for  fiirther  research  to  iji5)rove  the  fore¬ 
cast  procedure. 

K.  SUGGESTIONS  FOR  FOTJRE  RESEARCH. 

1.  During  the  five  years  used  for  developing  the  forecast  study, 
five  frontal  passages  produced  winds  of  ^^0  knots  at  the  towers.  A  total 
of  90  frontal  passages  occurred  during  the  five  year  period  of  record. 
Based  upon  hourly  data,  the  probability  of  getting  winds  >50  knots  at 
the  towers  with  a  frontal  passage  is  5*6^»  However,  since  these  hourly 
observations  will  miss  short  duration  winds  of  >50  knots,  a  more  realis¬ 
tic  probability  is  about  10^.  Hi^  wind  speeds  of  short  duration  are 
seldom  associated  with  hlg^t  seas,  since  it  takes  time  (and  fetch)  to 
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build  up  the  hl£^  seas  ^Ich,  combined  with  strong  winds,  axe  a  real 
hazard  to  the  towers.  This  study  has  not  covered  the  problem  of  fore¬ 
casting  frontal  winds,  so  if  required  in  the  future,  forecasting  winds 
knots  associated  with  frontal  systems  will  involve  further 
Investigation. 

2.  As  stated  in  Section  C,  most  of  the  wind  speeds  used  in  this 
study  are  from  regular  hourly  observations,  since  special  observations 
rarely  appeared  on  the  tover  WBANs.  Therefore  a  small  sample  of  the 
total  wind  experience  has  determined  the  beginning  and  ending  times  of 
significant  wind  speeds.  Since  the  installation  of  wind  recording 
equipment  on  the  towers  in  the  summer  of  I96I,  a  continuous  record  of 
the  winds  has  been  available.  In  a  few  years,  when  enough  of  these 
data  are  available  to  merit  investigation,  revisions  to  this  study  will 
be  in  order. 

3.  The  forecaster  tises  the  IMJ  prognostic  charts  as  a  first  approx¬ 
imation  to  predict  a  storm’s  track  and  Intensity  covmt  in  the  circular 
area.  He  then  uses  later  data  to  appraise  the  NMC  products,  his  primary 
sources  being  hourly  surface  reports  and  six-hourly  winds  aloft  data. 

With  these  data  he  follows  the  storm's  track  euid  development  and  watches 
for  secondary  lows.  Modification  of  facsimile  products  is  discussed  in 
AHS  Manual  10^-3^  and  MfS  Manual  10^-^^.  A  worthwhile  srea  for  further 
research  is  the  development  of  procedures  for  modifying  NMC  charts  as 
needed  in  the  specific  problem  of  forecasting  strong  winds  at  the 

Texas  Towers.  Of  particular  concern  is  the  appraisal  of  aging  prognostic 
charts  when  time  is  running  out  (storm  center  nearing  Line  C)  in  a  doubt¬ 
ful  situation  and  when  an  unexpected  low  develops  close  to  or  even  within 
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the  storm  occurrence  area.  Here  it  is  possible  that  surface  data  from 
coastal  stations  near  the  occurrence  area  are  the  key. 

k.  Secondary  lows  and  new  primary  lows  that  develop  off  the  East 
Coast  present  the  greatest  problem  in  applying  the  forecast  procedure. 
Special  study  on  the  forecasting  of  these  developments  offers  the  most 
potential  aid  to  the  forecaster  and  ties  in  with  paragraph  3  above. 
Miller's  study  (13)  is  particularly  applicable  to  this  problem. 

5.  As  discussed  in  paragraph  G5c,  the  forecaster  could  use  the 
climatological  fact  that  11  hours'  notice  of  li^pending  wind  speeds  of 
^50  knots  at  the  towers  would  always  allow  an  HSS-2  evacuation.  To 
vise  this,  he  must  be  able  to  forecast  the  time  of  the  first  gust  of  ^^50 
knots  rather  accurately.  Research  on  the  problem  of  timing  the  first 
gust  of  ^50  knots  would,  if  productive,  pay  off  in  forecast  accuracy  and 
reduced  loss  of  operational  time  at  the  towers. 

6.  Although  the  primary  forecast  problem  is  to  identify  storms  which 
produce  sustained  winds  ^50  knots,  the  70-knot  criterion  (l,  p  7)  poses 

a  secondary  forecast  problem.  Hie  seven  personnel  remaining  on  the 
towers  after  the  completion  of  Phase  lib  are  evacuated  after  the  winds 
actually  reach  50  knots  (gusts)  and  the  storm  is  predicted  to  continue 
its  intensification  and  produce  sustained  winds  ^70  knots.  There  were 
only  two  cases  of  reported  sustained  winds  ^70  knots  ( cases  21  and  24) 
during  the  five  winter  seasons,  too  few  to  permit  definite  conclusions. 

In  order  to  conduct  further  investigation  of  the  secondary  forecast 
problem,  we  suggest  that  the  sample  of  data  be  Increased  by  including 
six  additional,  storms  which  produce  gusts  ^0  knots  (cases  2,  3,  10,  I9, 
23,  26).  Common  characteristics  of  these  storms  should  be  determined 
and  tested  as  screening  parameters. 
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